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The ihvsnfion retatea to a tnetalfurgicsl vessel comprising a lower portion for 
ace«nmodatJr,gamoltenmetalbathandpartofa8laglayerta.use.af.uppe^ 
5 accommodating the remaln<ter of the slag teyer In uee and a plii»iiRy of lances whfoh pn>Ject 

mto me upper portion Of the vessel and suppv oxygen containing g^toihe upper portion of^^ 
vessel. The present Ihvemlon also relates to a method of fnn making 

meial smefting, reffning or reducing. 

10 ^''<>''^"SdesoribesametaHu;glcalvese8loftheoonvertertype.lnwhiohpre^r«duced 

l«noompoundsarefurtherreduced.Oxygeni88upp«edbymeansofapiumlltyoflancefiihat 

pro(8Ctthroi«h the v«0 of the vessel and extend to above the slag layer.Hfeknown from this 

document to mtroduoeagas through the botton, of the vessel Into the molten metal fnoixlerto 
imse the Iron melt. Thfe procedure is also known as bottom stirring or bottom bubbDhg In the art 

16 artdteperfomiedtoagllatethemoltenmetallhthelowerporttonoftheveseeLBottomstining 
ensures sufficient heat transfer to the mcBen metal bath beneath the slag layer andsufflc/ent ■ 
etlrrmg of the lower slag layer ftseif so that it does not become quieeoent and so that heat 
genemted in the upper slag layer fs also transferred to the tower slag layer. Bottom stirring has 
Mnsiderable drawbacks such as. tor example, mcreaslng refractory erwion along the walte of 

a ^svesaeirntheareaofthehrtmetalaswellasrequMngli^otlonpointsbeneaththet^ 
of the vessel that have a relatively short lifetime and are difficuit to maintain. . 

The object of the present invention is to provide a metallurgical vessel having reduced 
iBfractoor erosion and greater ease of maintenance wtthout a reduction in production efficiency 

Thepieeentim^overeomeetheprobiemeoffheprlorartaslhemetalluigicalvessel 
B comprises a plurality of tuyeres arranged around the circumfferenoe of the lower portion of the 

vesselsuHableforeupplyingflasandferMdand^oraolidSandtorplasmalntotheelaglayer 
the lower portion of tfie vessel. 

The pluraBly Of lanoea supply oxygen containing gae. and thereby heat, to the slag in the 
upperporton of the vessel whilst the gas an^or Dquld and^or aoDds andtor plasma supplied by 
) the tcveres ensure that the lower steg layer does not become quiescent Quiescence results in 
acoonngofthel«.ersia9layerandalcssofpmduotl^^ 

andA.r solids andfor plasma directly to the lo««rslag toyer whereas ^ is injected through the 
bottom of the vessel Into the molten metal In bottom stirring. Ttie present Invention thus dbes 

not generate high flow velocities in the molten metal thereby avoiding one Of the major 
• *awbacic8 Of bottom stirring namely the fast erosion of the vessel wair in the part of the vessel 

contalhlnfl the molten melal. The supply of gas and/oruqulfl andfor soiws andfor pias^^ 
slag layer in the lower portion of the vessel by the tuyeres thus does not cause erosion of the 
refractory Oning In the hotmetalajne but ildoes maintain productivity by stinfhg the Icwerslag 
teyer. Stirring the lower slag layer maximises reactions within the lower slag layer and ensures it 
does not become quiescent The swV of combustible gas and/or liquid andfor solids by the 
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tuyores also Aicreases heat transfer from tfte slag teyer to the molten metai in the lower portion 
of the vessel. The tuyeres are b!so easier to maJniaDi ae they are posftfoned abova the tap level 
of the vessel. 

ThQ diameter of the lower portion of the vessel may preferably be smaller than the 
diameter of the upper portion of the vessel. The tuyeres are arranged around the oircumference 
of the lower part of the vessel and thsrefbre the Jets emitted by the tuyeres vwll penetrate Into 
the slag layer in the lower portion of the vessel before rising through the slag into the upper 
portion of the vessel. Any ''hot epots^ Le. areas of higher temperature, oreated by the gas and/or 
llquki and/or solids and/or plasma supplied by the tuyeres. In the slag {ayer In the upper portion 
of the vessel wUf therefore be sufflolentiy dlstarrtfroni the wail of the vessel to ensure that no 
Incn^e in corrosion and/br erosion of the wall occurs. 

The tuyeres may preferably comprise oxy-fu^ burners to act as a direct heat source in 
the slag layer in the lower portion of the vessel. The oxy-fuei burners will inorease the 
productivity of the reactor by Increasing the oocunence of the endothermio reduction reactions 
and thereby Increasing the reduction oapaoify of the slag layer. 

The tuyeres preferably supply oxygen containing gas to the slag layer In the lower portion 
of the vessel. The oxygen contained In the gas will combust char into oarbon monoxide thereby 
providing on additional source of heat in the slag layer and fncreasbig the produotiviiy of the 
reactor as explained for o^fiiel burners. 

At least ten tuyeres may be positioned around the lower portion of the vessel to ensure 
optimum distribution of the gas and/or liquid and/or solids and/or plasma, supplied by the 
tuyeres, mto the slag Eay^. 

The metallurgical vessel of the prssent invention preferably comprises a melting oyclone 
positioned above, and in oper\ communication with, the vessel. Such a melting cyclone is 
described in Dutch patent NL O 257692 and HP 06B0136. 

The metallurgical vessel of the present invention may be used for Iron making and steel 
makfrig. 

The present Invention also relates to a metiiod of reducing iron oxide to iron using a 
metalturgicai vessel rn accordance with the invention, comprising the steps of supplying iron 
oxide to the vessel, siiq^piylng oxygen containing gas to the interior of the metaliurgica] vessel, 
supplying carbonaceous material to the iron oxide and supplying gas and/or liquid andAir sofids 
and/br plasma into the slag layer in the lower portion of the vessel via the pluralrty of tuyeres. 
The present invention also relates to a method of Iron making comprising tho steps of: 
conveying Iron-oxide containing material flnto the melting oyclone, 
prs-reduoing said iron>^oxlde containing material by means of a pertiaily post-combusted 
reducing process gas originating from the metallurgical vessel, 
at least partly melting the iron-oxide containing material in the melting cyclone by 
supplying ox^en containing gas to the melting oyclone and effecting a post-oombusfion 
in said reducing process gas, 
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- perm Wing the produced and at feast partly Iron^ contalhrng materfaJ to 

6 containing ga« to tha fntartor of tha mataBurBbal v^saef via ^Uu^^Z 

supplying coal to tha Inlarlor of the meta/rurgroaf wsaal and by suppjinfl gas ai^Ir «nu„i 

forming aaW r^uolng pn«a« gaa and affecting a partial poat-oombustion In aaid 

BBIEF (NTROm lOriON TO T[^P i^RAWIW^g 
Figure 1 shows an apparatus In accordance wRh ttta fnwantlcn. 
.Pfi8CR|PT»QN OF A PRFFERRgP PMR^r,„^..=,v». 

The apparatus in figure 1 oomprfsea a metallurgfcal vessel 1 and a meltina ««i«no « 

P^^"'2«^«*^"''«odateathal«mteth9andpartoftheslagteyer6and^^^ 

..^ona tap hotelifortapphg off molten iron andalao. The v^lalaocompjrrulr 
P^3^«htohacco..odataa,hera.al^^^ 

^«r6.h«s««l«cntopoftheln,nba,h8amle««nd8f«mthalowerportl^^ 
^maupparportIon3.P,^ducedl«,noxldalOf^ 

2B *^"'etallurgIcaIve.selandiaflnalVredUcadlnthealaglayar.Aplu«a«yofI^^ 

^^ccj^^gaatotha^^^re^theupperpomrsof^^^^^^^^ . 
2r'"«;^«^»«*--™y^«pre.entdapendhgon.forexa^^^^^ 
and tha perfbrmance parameter Of the lancas. A piu«lity Of tuyeres 
circumference of the tower portion of the vaaaeLTTw tuyeres are suflJ^^^^ 

30 -^-.-<^and^-,ds(suchaa^,eddust)anrZ:^:r^;^^^^^ 

partof the veasef can l«VBrfeddependlhg on the el^of the vessel and theperfomian^ 
^^ofthetuyeres.T.etuye.sn.aycomp,lae«^hu,ne..D^^^^ 

«7«*^P°«*;««''««t«clabovethealagIayer6lnthev^^^^ 
^a^.educ^onb,«ieased.TT,ereduolngp«H«aag^ 

«up^.edtotherne.t.g cyclone is pre^eduoadapp^^mateV 

40 iirfr^r"""'"""""^^^^^----^-^^^^^ 
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Whild the Invention has been Illustrated by a particular embocfimantp variations and 
modlftcatlons are possible wllhin the scope of the mvenUve concept 
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CLAUflS 



I. Meta«ufglca;ve8selcompri3lngal<merporflonforaccomm«!atingamolt«^ 

and part Of aalag layer tn use, an upper portion for accommodafing the remainder of the 
a/ag layar bi ine and apluralHy of lanoea which project Jnto tha upperportton of tha veaael 

and supply oxygan containing gaatotha upper portion Of thavawercharactarieedin that 
a pluralHy of tuyeres are arranged around the cfroumf emnce of the lower portion of tha 
vesael suitable for supplying gas and^or Uquld and/or solida and^or plasma into the slao 
layar in tha lowar portion of the vassal. 

2. Metallurgical vessel accoFding to claim 1 oharacterteed in thai the dtemeier of the tower 
portion of the vessel IS smaller than that of the ujver portion. 

3. Melalluigloal vasselaccoidlngtootalms 1 or 2 ohaiaoterisedlh that tha tuyeres comprise 
16 oxy^uel bumeia. 
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4. MataOUTBleal vsesel aeoording to ary of the pmvlous claims comprising a melting oyotone 
poslttoned above and In open communtcatfon with the matsOuiglcal vessel. 
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>. M^od Of reducing iron oxida to Irtn ushg a melalmrgtoal vessel In accordaroa v^th any 
one of Claims 1-*, comprising the steps of auppiying Iron oxide to tha vessel, supplying 
oxygen containing gas to the upper portion of the metaikngloal vessel via the pluiaUty of 
lanoss, supplying oartjonaceous material to tha Iron oxide and supplying gas and^or liquid 
and^r sends and/or plasma Into tha slag layer In the lower portion of the vessel via tha 
25 plurality Of tuyeias. 
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Method of reducing Iron oxide according to claim 5 charaeteriBsd in that the tuyeres 
supply ojgigan containing gas Into the lower slag layer. 

Method of Insn making comprising the steps oft 

conveying Iron-oxide containing malarial Into the melting oyolons. 

- pre-reducing said Imn-oxide containing material by means of a partially post- 
eombusted reducing process gas originating from the metallurgical vessel. 

- at least partly melting the lrofH)xWe oontainihg material Ih the melting oydone by 
supplying oxygen containing gas to the meMng cyctone and efTeodng a pae^ 
C(»nbustion fai said reducing process gas, 

- pemiMngtheprMeduoed and at least partly melted iron-oxida containing material 
to pass dawnwardly from said meWng eyolone into the metaBuiglcal vessel In which 
final reduction takes piaoa and 



6 

effecting the ttiaf reducUbn in the metallurgioal vessel in a slag tay@r, by supplying 
GX^en containing gas to the i^t@l^or of the metallui^al vessel via a plurality of 
lances, by supplying coal to the Interior of the metallurgical vessel and by supplying 
gas andl/or llqurd and/or solids and/or plasma to the lower slag (aver via a plurality 
5 of tuyeres, and thereby forming said reducing process gas and effecting a partial 

pD9t-combustlon tn said reducing process gas In said metaOurgical vessel by 
means of eald oxygen containing gas supplied thereto. 
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Melallursioal vessel comprfelng.a lower portion for accommodating a molten metal bath and 
part of aeJag layer in use. an upper portion tor accommodating the remainder of the elao layer 
In use and a pluraJlty of tanoee which project into the upper portion of the vessel and aupphr 
wcygen containing gas to the upper portion of the vessel eharactertsed m that a pluiaifty of 
tuyeres are arrarged amiind the cfncumference of the lower portion of the veseei euitable for 

supplying gas and/or Hqu/d and/or soildeand^er plasma into the slag layerhthe lower por^^^ 
the vesdel. 
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